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(54) NPN DARLINGTON ESD PROTECTION 
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(75) Inventors: Tao Cheng, Hsin-Chu (TW); 

Ding-Jeng Yu, Hsin-Chu (TW) 

(73) Assignee: Mediatek Inc., Hsin-Chu Hsien (TW) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 283 days. 
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(22) Filed: Jul. 14, 2003 

(65) Prior Publication Data 

US 2004/0114288 Al Jun. 17, 2004 
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Sep. 25. 2002 (TW) .|91 1 27074 A~] 
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5,463,520 A * 10/1995 Nelson 361/56 

5,485,027 A * 1/1996 Williams et al : 257/343 



5,640,299 A 6/1997 Leach 

5,671,111 A * 9/1997 Chen 361/56 

5,748,425 A 5/1998 Gutsch et al. 

5,790,460 A * 8/1998 Chen et al 365/185.29 

5,986.863 A 11/1999 Oh 

6,028,758 A 2/2000 Sharpe-Geisler 

6,072,219 A * 6/2000 Keretal 257/355 

6,429,489 Bl 8/2002 Botula et al 257/355 

6,496,055 B2 * 12/2002 Li 327/536 

6,549,061 B2 * 4/2003 Voldinan et al 327/483 

FOREIGN PATENT DOCUMENTS 

EP 0 561 451 A2 9/1993 

GB 2 336 241 A 10/1999 

OTHER PUBLICATIONS 

William D. Mack and Robert G. Meyer, "New ESD Protection 
Schemes for BiCMOS Processes With Application to Cellular Radio 
Designs", 1992 IEEE, pp. 2699-2702, U.SA. 

* cited by examiner 

Primary Examiner — Brian Sircus 

Assistant Examiner — Luis E. Roman 

(74) Attorney, Agent, or Firm — Winston Hsu 

(57) ABSTRACT 

An electrostatic discharge protection (ESD) circuit includes 
an NPN Darlington circuit and an n-type metal oxide 
semiconductor (NMOS) transistor. The drain of NMOS 
transistor is connected to the input end of the NPN Darling- 
Ion circuit. The source of NMOS transistor is connected to 
the control end of the NPN Darlington circuit The gate of 
NMOS transistor is connected to the output end of the NPN 
Darlington circuit. 

10 Claims, 9 Drawing Sheets 
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LICENSE FOR FOREIGN FILING UNDER 
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Title 37, Code of Federal Regulations, 5.11 & 5.15 



GRANTED 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase. "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted 
under 37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof 
unless it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 
1 .53(d). This license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject 
matter as imposed by any Government contract or the provisions of existing laws relating to espionage and the 
national security or the export of technical data. Licensees should apprise themselves of current regulations 
especially with respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, 
Department of State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Office of 
Export Administration, Department of Commerce (15 CFR 370.10 (j)); the Office of Foreign Assets Control, 
Department of Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 
5 12 if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months 
has lapsed from the filing date of this application and the licensee has not received any indication of a secrecy 
order under 35 U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 
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PATENT NO. : US 7,203,050 B2 
APPLICATION NO.: 10/604,354 
ISSUE DATE : Apr. 10, 2007 
INVENTOR(S) : Tao Cheng et al. 
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On the title page, item (30), correct the application number of the Foreign Application Priority Data from "91 127074 
A" to --"91122074 A"~ 
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complete including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information 'Officer, 
US Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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